等質ヘッセ領域の双対について(群の表現と調和解析の広がり) by 伊師, 英之
Title等質ヘッセ領域の双対について(群の表現と調和解析の広がり)
Author(s)伊師, 英之



































[15] $)$ . , ,
.
. $\mathbb{R}^{n}$ ,
$\mathrm{t}xy=\sum_{i=1}^{n}x_{i}y_{i}(x, y\in \mathbb{R}^{n})$ $\langle x, y\rangle$
$\langle x, y\rangle_{\mathbb{R}^{n}}$ ,
$\sqrt{\langle x,x\rangle}$ $||x||$ $r$ Sym(r, $\mathbb{R}$ ) ,




. A V) , $\cdot \mathrm{a}\mathrm{f}\mathrm{f}(V)$ .
\S 1. .
1.1. $\mathbb{R}^{n}$ $\mathcal{U}\subseteq \mathbb{R}^{n}$ $\mathcal{U}$ $g$ $(\mathcal{U}, g)$ ,
$\frac{\partial g_{ij}}{\partial x_{k}}$ $=$ $\frac{\partial g_{kj}}{\partial x_{i}}$ (1.1)
$i,j,$ $k=1,$ $\ldots,$ $n$ .
, $x\in \mathcal{U}$ $V_{x}\subset \mathcal{U}$ $\phi\in C^{\infty}(V_{x})$
$\varphi_{j}|_{V_{x}}$ $= \frac{\partial^{2}}{\theta x_{\mathrm{i}}}\overline{\partial}x_{j}\mathrm{k}$ , o$=arrowarrow+\text{ }g$ $\text{ }$
. $\phi$ $g$ ,
$\iota_{\phi}.$ : $V_{x}\ni x\vdasharrow\xi\in \mathbb{R}^{n}$ $:=- \frac{\partial\phi}{\partial x_{\mathrm{t}}}$. $(i=1, \ldots, n)$ . $\iota_{\phi}$
$(_{\partial x}^{\partial}\angle \mathrm{j})_{i,j}$ $(-g_{ij})_{i,j}$ , $V_{x}$ $\iota_{\phi}$
$\text{ }$ . $\mathbb{R}^{n}$ $D$ $\iota_{\phi}$ : $V_{x}arrow \mathbb{R}^{n}$
$V_{x}$ $D’$ ) $V_{x}$ $X,$ $Y,$ $Z$
$Xg(Y, Z)=g(DxY, Z)+g(Y, D_{Y}’Z)$
([13, 23.1]). $D’$ $\phi$ , $\mathcal{U}$
. $D’$ $(\mathcal{U}, g)$ (
) ([13, 2.3 ]).
12 $\phi$ $\mathcal{U}$ , $\iota_{\phi}$ : $\mathcal{U}arrow \mathbb{R}^{n}$
. $\mathcal{U}^{*}:=\iota_{\phi}(\mathcal{U})\subseteq \mathbb{R}^{n}$ $g^{*}$
$\iota_{\phi}$
, $(\mathcal{U}^{*}, g^{*})$ . , $\phi$
$\phi^{*}\in C^{\infty}(\mathcal{U}^{*})$ $g^{*}$ :
$\phi^{*}(\xi):=-\langle x, \xi\rangle-\phi(x)$ $(\xi=\iota_{\phi}(x)\in \mathcal{U}^{*}, x\in \mathcal{U})$ .
$(\mathcal{U}^{*}, g^{*})$ $(\mathcal{U}, g)$ , .
, $\mathcal{U}^{*}$ $\mathcal{U}$ $D’$ .
1([13, 2.3.3]). $(\mathcal{U}^{*},g^{*})$ $(\mathcal{U}, g)$
, $\iota_{\phi}\cdot=\iota_{\phi}^{-1}$ $(\phi^{*})^{*}=\phi$ ,
$(\mathcal{U}, g)$ Aut(U, g)
Aut $(\mathcal{U}, g):=\{\alpha\in \mathrm{A}\mathrm{f}\mathrm{f}(\mathbb{R}^{n});\alpha(\mathcal{U})=\mathcal{U}, \alpha^{*}g=g\}$
.
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2. (i) $\mathcal{U}$ $\alpha\in \mathrm{A}\mathrm{f}\mathrm{f}(\mathbb{R}^{n})$ $\mathrm{A}\mathrm{u}\mathrm{t}(\mathcal{U}, g)$
,
$\phi(\alpha(x))=\phi(x)$ $\langle x, \xi_{\alpha}\rangle+C_{\alpha}$ $(x\in \mathcal{U})$ (1.2)
$\xi_{\alpha}\in \mathbb{R}^{n}$ $C_{\alpha}\in \mathbb{R}$ .
(ii) (i) $\alpha$ $A_{\alpha}\in \mathrm{G}\mathrm{L}(n, \mathbb{R})$ $b_{\alpha}\in \mathbb{R}^{n}$ $\alpha(x)=$
$A_{\alpha}x+b_{\alpha}(x\in \mathbb{R}^{n})$ , $\alpha^{\vee}$
$\alpha^{\vee}(\xi):={}^{\mathrm{t}}\mathrm{A}_{\alpha}^{-1}(\xi-\xi_{\alpha})$ $(\xi\in \mathbb{R}^{n})$
. $\alpha^{\vee}\in \mathrm{A}\mathrm{u}\mathrm{t}(\mathcal{U}", g^{*}.)$ ,
$\iota_{\phi}\circ\alpha=\alpha^{\vee}0\iota_{\phi}$ (1.3)
$(\alpha^{\vee})^{\vee}=\alpha$ .
Aut(U, g) $\mathcal{U}$ $(\mathcal{U}_{?}g)$
.
13 $\mathcal{U}\subseteq \mathbb{R}^{n}$ , $g$ $(\mathcal{U}, g)$ $\phi(x):=$
$||x||^{2}/2$ . $\iota_{\phi}(x)=-x$
$\mathcal{U}^{*}=-\mathcal{U}$ , $\phi^{*}(\xi)=||\xi||^{2}/2$ .
14 ( ) $\Omega\subseteq \mathbb{R}^{n}$ , $\varphi_{\Omega}$ :
$\Omegaarrow \mathbb{R}_{+}$
$\varphi_{\Omega}(x):=\int_{\Omega’}e^{-\langle x,\xi\rangle}d\xi$
. $\Omega’$ $\Omega$ $\{\xi\in \mathbb{R}^{n} ; \langle x, \xi\rangle>0(x\in\overline{\Omega}\backslash \{0\})\}$
. $\log\varphi_{\Omega}(x)$ , $(g_{ij}^{(\Omega)})_{i,j}$
$(\Omega, g^{(\Omega)})$ . $g^{(\Omega)}$ $\Omega$ , $\Omega$
. $\Omega$ (
) , $(\Omega, g^{(\Omega)})$ .
$\iota_{\log}\varphi_{\Omega}(\Omega)$
$\Omega’$ . $\zeta l$ , $(\Omega’, g^{(\Omega’)})$ $(\Omega, g^{\{\Omega)})$
( [14, Chapter 1, Section 4] [13, 4
$\vec{\epsilon}]$ ). , $\Omega’$ $g^{(\Omega’)}$ $(g^{(\Omega)})^{*}$
([6]).
$\Omega\subseteq \mathbb{R}^{n}$
$\eta$ : $\Omegaarrow \mathbb{R}_{+}$ , 3
:
(ADMI) $\kappa>0$ $\eta(\mathrm{c}x)=c^{-\kappa}\eta(x)(x\in\Omega, c>0)$ ,
(ADM2) $\log\eta$ $\Omega$ $g^{\eta}$ ,
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(ADM3) $\iota_{\log\eta}(\Omega)=\Omega’$ .
\mbox{\boldmath $\varphi$} . $\eta$ , $\iota_{\log\eta}$ $I_{\eta}$ , $\eta$
(cf. [7], [10]). $\Omega’$ $.\eta$ \dagger
$\eta^{\uparrow}(\xi):=\eta(I_{\eta}^{-1}(\xi))^{-1}$ $(\xi\in\Omega’)$ $(1.4)\backslash$
.
3([1, Lemma 83]). $\eta\dagger$ $\Omega’$ , $(\Omega’, g^{\eta^{\{}})$ $(\Omega, g^{\eta})$
. $I_{\eta}\uparrow=I_{\eta}^{-1}$ .
15 Sym(r, $\mathbb{R}$) $\simeq \mathbb{R}^{r\langle r+1)/2}$ ( $\langle x,$ $\xi\rangle:=\mathrm{t}\mathrm{r}(x\xi)$ )
$\Omega_{r}$ , $\eta_{r}(x):=(\det x)^{-1}(x\in\Omega_{r})$
$\eta_{r}$ . $g^{\eta_{\Gamma}}$
$(g^{\eta_{r}})_{x}(y_{1}, y_{2}):=\mathrm{t}\mathrm{r}(x^{-1}y_{1}x^{-1}y_{2})$ $(x\in\Omega_{r}, y_{1}, y_{2}\in \mathrm{S}\mathrm{y}\mathrm{m}(r, \mathbb{R}))$
. - $\mathrm{G}\mathrm{L}(r, \mathbb{R})$ $\Omega_{r}$ ( $a_{r}(h)x:=hx^{\mathrm{t}}h(h\in \mathrm{G}\mathrm{L}(r, \mathbb{R}),$ $x\in\Omega_{r})$
, $a_{r}$ $g^{\eta_{\gamma}}$ . $\Omega_{r}$
, $(\Omega_{r}, g^{\eta_{r}})$ . $I_{\eta_{r}}(x)$ $x^{-1}$
, $\Omega_{r}’$ $\Omega_{r}$ , $\eta_{r}(\dagger\xi)=(\det\xi)^{-1}(\xi\in\Omega_{r}’)$ .
\S 2. .
21 1.4 $\Omega\subseteq \mathbb{R}^{n}$ . $Q:\mathbb{R}^{p}\mathrm{x}\mathbb{R}^{p}arrow$
$\mathbb{R}^{n}$
$\Omega(u, u)\in\overline{\Omega}\backslash \{0\}$ $(u\in \mathbb{R}^{p}\backslash \{0\})$
$\Omega$-positive , $D(\Omega, Q)$
$D(\Omega, Q):=\{(x, u)\in \mathbb{R}^{n}\mathrm{x}\mathbb{R}^{p} ; x-Q(u, u)/2\in\Omega\}$
. $\Omega$ $\eta$ $D(\Omega, Q)$ $\phi=\phi^{\eta,Q}$ $\phi(x, u):=$
$\log\eta(x-Q(u, u)/2)$ , $D(\Omega, Q)$ $g^{\eta,Q}$ .
\eta =\mbox{\boldmath $\varphi$} , $g^{\eta,Q}$ $D(\Omega, Q)$
. $(D(\Omega, Q),$ $g^{\eta,Q})$ . $\Phi_{Q}^{*}$ : $\mathbb{R}^{n}arrow \mathrm{S}\mathrm{y}\mathrm{m}(p, \mathbb{R})$
$\langle\Phi_{Q}^{*}(\xi)u, u’\rangle_{\mathbb{R}^{p}}=\langle Q(u, u’), \xi\rangle_{\mathbb{R}^{n}}$
$(u,\dot{u}’\in \mathbb{R}^{p}, \xi\in \mathbb{R}^{n})$ (2.1)
. , $\xi\in\Omega’$ $\Phi_{Q}^{*}(\xi)$ .
$\iota_{\phi}$
$\iota_{\phi}(x, u)=(I_{\eta}(x-Q(u, u)/2),$ $-\Phi_{Q}^{*}(I_{\eta}(x-Q(u, u)/2))u)\in \mathbb{R}^{n}\mathrm{x}\mathbb{R}^{p}$
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, $D(\Omega, Q)^{*}=\iota_{\phi}(D(\Omega, Q))$ $\Omega^{*}\mathrm{x}\mathbb{R}^{p}$ .
$\iota_{\phi}^{-1}(\xi, v)=(I_{\eta\dagger}(\xi)+Q(\Phi_{Q}^{*}(\xi)^{-1}v, \Phi_{Q}^{*}(\xi)^{-1}v)/2,$ $-\Phi_{Q}^{*}(\xi)^{-1}v)$
$\phi$ $\phi^{*}$ $\phi^{*}(\xi, u)=\langle\Phi_{Q}^{*}(\xi)^{-1}v, v\rangle/2+\log\eta(\dagger\xi)-\kappa$
, $g^{*}$ $(\Omega^{*}\mathrm{x}\mathbb{R}^{p}, g^{*})$ $(D(\Omega, Q),$ $g^{\eta,Q})$
.
22 2.1 , .
$\Omega\subseteq \mathbb{R}^{n}$ , $\eta$ : $\Omegaarrow \mathbb{R}_{+}$ $\Omega$-positive $Q$ : $\mathbb{R}^{p}\rangle<\mathbb{R}^{p}arrow \mathbb{R}^{n}$ .
$\Phi$ : $\mathbb{R}^{n}arrow \mathrm{S}\mathrm{y}\mathrm{n}(q, \mathbb{R})$ $\theta$ : $\mathbb{R}^{p}\mathrm{x}\mathbb{R}^{q}\ni(u, v)\vdasharrow uov\in \mathbb{R}^{m}$
, :
$\Phi(x)\gg 0$ $(x\in\Omega)$ , (2.2)
$2||u\mathrm{o}v||_{\mathbb{R}^{m}}^{2}=\langle\Phi(Q(u, u))v, v\rangle_{\mathbb{R}^{q}}$ $(u\in \mathbb{R}^{p}, v\in \mathbb{R}^{q})$ . (2.3)
$u\in \mathbb{R}^{p}$ , $\lambda_{u}\in \mathrm{M}\mathrm{a}\mathrm{t}(\mathrm{m}, q;\mathbb{R})$ $\lambda_{u}v=u<\rangle$ $v(v\in \mathbb{R}^{q})$
, (2.3) $\Phi(Q(u, u))=2{}^{\mathrm{t}}\lambda_{u}\lambda_{u}\in \mathrm{S}\mathrm{y}\mathrm{m}(\mathrm{q}, \mathbb{R})(u\in \mathbb{R}^{p})$ .
$D(\Omega, Q)\mathrm{x}\mathbb{R}^{q+m}=\{(x, u, v, w)\in \mathbb{R}^{n}\mathrm{x}\mathbb{R}^{p}\mathrm{x}\mathbb{R}^{q}\mathrm{x}\mathbb{R}^{m} ; x-Q(u, u)/2\in\Omega\}$
$\phi=\phi^{\eta,Q,\Phi,<>}$
$\phi(x, u, v, w):=||w||^{2}/2+\langle\Phi(x-Q(u, u)/2)^{-1}(v-{}^{\mathrm{t}}\lambda_{u}w), v-{}^{\mathrm{t}}\lambda_{u}uf\rangle/2$
$+\log\eta(x-Q(u, u)/2)$ (2.4)
. $\phi$ $g^{\eta,Q,\Phi,\mathit{0}}$ .
$(D(\Omega, Q)\mathrm{x}\mathbb{R}^{q+m},$ $g^{\eta,Q,\Phi,0})$ . $u_{0}\in \mathbb{R}_{7}^{p}v_{0}\in \mathbb{R}^{q},$ $w_{0}\in \mathbb{R}^{m}$
$\tau_{u_{0}}^{1},$ $\tau_{v0}^{2},$ $\tau_{w0}^{3}\in \mathrm{A}\mathrm{f}\mathrm{f}(\mathbb{R}^{n+p+q+m})$ ,
$\tau_{u_{0}}^{1}(x, u, v, w):=(x+Q(u, u_{0})+Q(u_{0)}u_{0})/2,$ $u+u_{0},$ $v+{}^{\mathrm{t}}\lambda_{u_{0}}w,$ $w)$ ,
$\tau_{v_{0}}^{2}(x, u, v, w):=(x, u, v+\Phi(x)v_{0}, w+u\mathrm{o}v_{0})$ , (2.5)
$\tau_{w_{0}}^{3}(x, u, v, w):=(x, u, v+{}^{\mathrm{t}}\lambda_{u}w_{0}, w+w_{0})$ ,
, Aut(D $($ \Omega , $Q)$ $\cross$ Rq+rn\sim \eta .Q.\Phi 2(i)
. , $(x, u, v, w)\in D(\Omega, Q)\mathrm{x}\mathbb{R}^{q+m}$
$(x, u, v, w)=\tau_{u}^{1}\circ\tau_{\Phi\{x-Q(u,u)/2)^{-1}(v-^{\mathrm{t}}\lambda_{u}w)}^{2}\circ\tau_{w}^{3}(x-Q(u, u)/2,0,0,0)$ (2.6)
.
2.3. 2.1 $\Phi_{Q}^{*}$ : $\mathbb{R}^{n}arrow \mathrm{S}\mathrm{y}\mathrm{m}(p, \mathbb{R})$ (2.1) ,
$Q_{\Phi}^{*}$ : $\mathbb{R}^{q}\mathrm{x}\mathbb{R}^{q}arrow \mathbb{R}^{n}$
$\langle x, Q_{\Phi}^{*}(v, v’)\rangle 1\mathrm{R}^{n}=\langle\Phi(x)v, v’\rangle_{\mathbb{R}^{q}}$ $(v, v’\in \mathbb{R}^{q}, x\in \mathbb{R}^{n})$ (2.7)
146
. $Q_{\Phi}^{*}$ $\Omega’$-positive . $\theta’$ : $\mathbb{R}^{q}\mathrm{x}_{\backslash }\mathbb{R}^{p}arrow \mathbb{R}^{m}$
$v<)u:=u\mathrm{o}v$
’
$(u\in \mathbb{R}^{p}, v\in \mathbb{R}^{q})$ (2.8)
$\langle\Phi_{Q}^{*}(Q_{\Phi}^{*}(v, v))u, u\rangle=\langle Q(u, u), Q_{\Phi}^{*}(v, v)\rangle=\langle\Phi(Q(u, u)).v, v\rangle=2||uov||^{2}$
$=2||vdu||^{2}$
, $\Omega’,$ $Q_{\Phi}^{*},$ $\Phi_{Q}^{*},$ $\langle\rangle’$ $(D(\Omega’, Q_{\Phi}^{*})\mathrm{x}\mathbb{R}^{p+m},$ $g^{\eta^{\uparrow},Q_{\Phi}^{*},\Phi_{Q}^{*},\mathit{0}’})$
. $\tilde{\tau}_{v_{0}}^{1}$ , $\tilde{\tau}_{u_{0}}^{2},\tilde{\tau}_{w_{0}}^{3}(v_{0}\in \mathbb{R}^{q},$ $u_{0}\in \mathbb{R}^{p},$ $w_{0}\in$
$\mathbb{R}^{m})$ (2.5) ,
$(_{\mathcal{T}}2_{0})^{\mathrm{V}}=\tilde{\tau}_{-u_{\text{ }}^{}2}$ , $(\tau_{v0}^{2})^{\vee}=\tilde{\tau}_{-v\text{ }^{}1}$ , $(\tau_{w_{0}}^{3})^{\vee}=\tilde{\tau}_{-w0}^{3}$ ,
. 2(ii) (2.6) .
4. $(D(\Omega, Q)\mathrm{x}\mathbb{R}^{q+m},$ $g^{\eta,Q,\Phi,\theta})$ $(D(\Omega’, Q_{\Phi}^{*})\mathrm{x}\mathbb{R}^{p+m},$ $g^{7^{1}9\downarrow.9_{Q}^{*}.0’}’)$
.
24 L5 $\mathbb{R}^{n}:=$ Sym(r, $\mathbb{R}$) $(n=r(r+1)/2)$ , $\Omega:=\Omega_{r}$ , $\eta:=$
$(\det x)^{-1}(x\in\Omega)$ . $\mathbb{R}^{p}:=\mathbb{R}^{r}$ , $\Phi_{r}(x):=x(x\in \mathrm{S}\mathrm{y}\mathrm{m}(r, \mathbb{R}))$ ,
$\mathbb{R}^{q}:=\mathbb{R}^{r}$ ,
$Q_{r}(u_{1}, u_{2}):=(u_{1}^{\mathrm{t}}u_{2}+u_{2}^{\mathrm{t}}u_{1})/2$ $(u_{1}, u_{2}\in \mathbb{R}^{r})$ ,
$\mathbb{R}^{m}:=\mathbb{R}$ , $uo_{r}v:=\langle u, v\rangle/\sqrt{2}(u, v\in \mathbb{R}^{r})$ ,
$(D(\Omega_{r}, Q_{r})\mathrm{x}\mathbb{R}^{r+1},$ $g^{\eta_{r},Q,\Phi_{r},0_{\mathrm{r}}})$ .
$(\mathcal{U}_{r}, g_{r})$ .
$\mathcal{U}_{r}=\{(x, u, v, w)\in \mathrm{S}\mathrm{y}\mathrm{m}(r, \mathbb{R})\mathrm{x}\mathbb{R}^{r}\mathrm{x}\mathbb{R}^{r}\mathrm{x}\mathbb{R};x-u^{\mathrm{t}}u/2\gg 0\}$ ,
$\phi(x_{7}u, v, w)=\psi_{r}(x, u, v, w)-\log\det(x-u^{\mathrm{t}}u/2)$ ,
( $\psi_{r}(x,$ $u,$ $v,$ $w):=\{||w||^{2}+\langle(x-u^{\mathrm{t}}u/2)^{-1}(u-wv)$ , $u-wv\rangle\}/2$ ) .
\Phi $\mathcal{U}_{r}arrow \mathrm{S}\mathrm{y}\mathrm{m}(r+2,\mathbb{R})$
$\Psi_{r}(x, u, v, w):=(_{w/\sqrt{2}}^{1}u/\sqrt{2}\iota_{v/\sqrt{2}}{}^{\mathrm{t}}u/\sqrt{2}x1+\psi_{r}(x, u, v, w)w/\sqrt{2}v/\sqrt{2})$
, $(\mathcal{U}_{r}, g_{r})$ $(\Omega_{r+2}, g^{\eta_{\tau+2}})$ .
$T_{u}^{1}:=(u/\sqrt{2}1 I_{r} 1)$ , $T_{v}^{2}:=(\begin{array}{lll}1 \mathrm{e}_{v/\sqrt{2}}I_{r} 1\end{array})$ , $T_{w}^{3}:=(_{w/\sqrt{2}}^{1}I_{r}$ $1)$
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($I_{r}$ $r$ ), $\Psi_{r}0\tau^{k}.=a_{r+2}(T^{k}.)\circ\Psi_{r}(k=1,2,3, \bullet=u, v, w)$
.
$(\mathcal{U}_{r}, g_{r})$ ($\mathcal{U}_{r}^{*}$ , g , $u$ $v$
:
$\mathcal{U}_{r}^{*}=\{(x, u, v, w)\in \mathrm{S}\mathrm{y}\mathrm{m}(r, \mathbb{R})\mathrm{x}\mathbb{R}^{r}\mathrm{x}\mathbb{R}^{r}\mathrm{x}\mathbb{R};x-v^{\mathrm{t}}v/2>>0\}$ ,
$\phi^{*}(x, u, v, w)=\psi_{r}(x, v, u, w)-\log\det(x-v^{\mathrm{t}}v/2)-r$.
$\Psi_{r}’$ : $\mathcal{U}_{r}^{*}arrow\Omega_{r+2}$
$\Psi_{r}’(x, u, v, w):=(^{1+\psi_{r}(X_{)}v,u,w)}w/\sqrt{2}u/\sqrt{2}$ $\mathrm{t}{}^{\mathrm{t}}u/\sqrt{2}v/\sqrt{2}xw/\sqrt{2}v/\sqrt{2}$
.
$)1$ ’
, . $(x, u, v, w)\in \mathcal{U}_{r}$ ,
$\iota_{\phi}(x, u, v, w)\in \mathcal{U}^{*}$ $(x’, u’, v’, w’)$ , $\Psi_{r}(x, u, v, w)\in\Omega_{r+2}$
$\Psi_{r}’(x’, u’, v’, w’)\in\Omega_{r+2}$ .
\S 3. .
3.1. $V$ ( $(\cdot|\cdot)$ ) , $\triangle$ : $V\mathrm{x}V\ni$
$(x, y)\vdash+x\triangle y\in V$ $(V, \triangle)$ 3 , :
(NHAI) $x\triangle(y\triangle z)-(x\triangle y)\triangle z=y\triangle(x\triangle z)-(y\triangle x)\triangle z$ $(x, y, z\in V)$ ,
(NHA2) $(x|y\triangle z)-(x\triangle y|z)=(y|x\triangle z)-(y\triangle x|z)$ $(x, y, z\in V)$ ,
(NHA3) $x\in V$ , $L_{x}$ ; $V\ni yarrow x\triangle y\in V$
, (NHA2)
(NHA2’) $(x|y)=s(x\triangle y)(x, y\in V)$ $V$ $s\in V^{*}$ ,
( [14]).
$V$ , $[x, y]:=x\triangle y-y\triangle x$
. $\mathfrak{g}_{V}$ , (NHA3)
. $x\in V$ , $V$
$l_{x}(y):=x\triangle y+x(y\in V)$ , $\rho$ : $\mathfrak{g}_{V}\ni x\vdash+l_{x}\in \mathrm{a}\mathrm{f}\mathrm{f}(V)$
. $9v$ $Gv$ $V$
$\rho$
$\rho(\exp x):=\exp l_{x}\in \mathrm{A}\mathrm{f}\mathrm{f}(V)(x\in \mathfrak{g}_{V})$ . $\mathrm{O}\in V$
GVG $\mathcal{U}_{V}.--\rho(G)\cdot 0$ $V$ , $G_{V}$ $V$
. $\mathcal{U}_{V}$ G $g_{V}$ , $\mathrm{O}\in V$
$y_{1},$ $y_{2}\in T_{0}\mathcal{U}_{V}\equiv V$
$(g_{V})_{0}(y_{1}, y_{2})=(y_{1}|y_{2})$ .
5([12, Theorem 2.1]). $(V, \triangle)$ (\mu /\sim V
, .
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32 $(V, \triangle)$ $E\in V$ .
(NHA2) $x=E$ $(y|z)=(y\triangle z|E)$ , (NHA2’)
$(V, \triangle)$ . $G_{V}$ $V$ $\sigma$ $\sigma(\exp x):=\exp L_{x}\in$
$\mathrm{G}\mathrm{L}(V)(x\in \mathfrak{g}_{V})$ , $\Omega_{V}=\sigma(G_{V})\cdot E\subseteq V$ . $\Omega_{V}$
, $G_{V}$ $\Omega_{V}$ ([14, Chapter 2]). $\eta_{V}$ : $\Omega_{V}arrow \mathbb{R}_{+}$
$\eta_{V}(\sigma(\exp x)E):=e^{-(x|E)}$ $(x\in \mathrm{g}_{V})$ , $\eta_{V}$ $G_{V}$ $\sigma$
, ([7], [10]). $\eta_{V}$
$g^{\eta_{V}}$ $(\Omega_{V}, g^{\eta_{\mathrm{y}}})$ . $l_{x}(y)=x+x\triangle y=$
$L_{x}(E+y)$ $(x, y\in V)$ , $G_{V}$ $\rho$ $\sigma$
$E+\rho(h)y=\sigma(h)(E+y)$ $(y\in V, h\in G_{V})$ (3.1)
, $E+\mathcal{U}_{V}=\Omega_{V}$ .
6. $\mathcal{U}_{V}\ni x\vdasharrow E+x\in\Omega_{V}$ $(\mathcal{U}_{V_{l}}g_{V})$ $(\Omega_{V}, g^{\eta_{V}})$
.
33. .
7([12, Section 3]). (i) $I:=\{x\in V;x\triangle x=0\}$. $I$ . $V$
$x,$ $y\in I$ $x\triangle y=0$ .
(ii) $I$ $U\subseteq V$ , $U$ $V$ .
(iii) $U\neq\{0\}$ , $E_{0}\in U$ $(x|y)=(x\triangle y|E_{0})(x, y\in U)$
.
(iv) $V_{\mu}:=\{x\subset V;E_{0}\triangle x=\mu x\}$ $V=V_{1}\zeta \mathrm{D}V_{1/2}(\mathrm{D}V_{0}$ .
$I_{\mu}:=I\cap V_{\mu},$ $U_{\mu}:=U\cap V_{\mu}$ $I=I_{1/2}\oplus I_{0}$ $U=U_{1}\oplus U_{1/2}$ .
(v) :
$U_{1}\triangle U_{1}\subseteq U_{1}$ , $U_{1}\triangle U_{1/2}\subseteq U_{1/2}$ , $U_{1/2}\triangle U_{1}=\{0\}$ , $U_{1/2}\triangle U_{1/2}\subseteq U_{1}$ ,
$U_{1}\triangle I_{1/2}\subseteq I_{1/2}$ , $I_{1/2}\triangle U_{1}\subseteq I_{1/2}$ , $U_{1}\triangle I_{0}=\{0\}$ , $I_{0}\triangle U_{1}=\{0\}$ ,
$U_{1/2}\triangle I_{1/2}=\{0\}$ , $I_{1/2}\triangle U_{1/2}\subseteq I_{0}$ , $U_{1/2}\triangle I_{0}\subseteq I_{1/2}$ , $I_{0}\triangle U_{1/2}\subseteq I_{1/2}$ .
7 , $U_{1}$ , $U_{1/2},$ $I_{1/2},$ $I_{0}$ {0}
. $V$ $I=\{0\}$ , $V$ $U_{1/2}=\{0\}$
.
$U_{1}$ $E_{0}$ , $\Omega_{1}=\Omega_{U_{1}}$
$\eta_{1}=\eta_{U_{1}}$. : $\Omega_{\mathrm{I}}arrow \mathbb{R}_{+}$ 32 .
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1/2, $I_{1/2},$ $I_{0}$ $\mathbb{R}^{p},$ $\mathbb{R}^{q},$ $\mathbb{R}^{m}$ ,
$Q$ : $U_{1/2}\mathrm{x}U_{1/2}arrow U_{1},$ $\Phi$ : $U_{1}arrow \mathrm{S}\mathrm{y}\mathrm{m}(I_{1/2})\simeq \mathrm{S}\mathrm{y}\mathrm{m}(q, \mathbb{R})$ $<\rangle$ : $U_{1/2}\mathrm{x}I_{1/2}arrow I_{0}$
$Q(u, u’):=u\triangle u’$ , $\Phi(x)v:=v\triangle x(v\in I_{1/2})$ , $u\{>v:=v\triangle u$ (3.2)
, $(D(\Omega_{1}, Q)\mathrm{x}I,g^{\eta_{1},Q,\Phi,\mathit{0}})$
. $u_{0}\in U_{1/2},$ $v_{0}\in I_{1/2}$ $w_{0}\in I_{0}$ $\mathfrak{g}_{V}$
, $y\in V$ $E_{0}+\rho(\exp u_{0})y=\tau_{u_{0}}^{1}(E_{0}+y)$ , $E_{0}+\rho(\exp v_{0})y=\tau_{v0}^{2}(E_{0}+y)$ ,
$E_{0}+\rho(\exp w_{0})y=\tau_{w\mathrm{o}}^{3}(E_{0}+y)$ . (2.6) 6
.
8. $(V, \triangle)$ ($\mathcal{U}_{V},g_{V}$
$(D(\Omega_{1}, Q)\mathrm{x}I,$ $g^{\eta_{1},Q,\Phi,0})$ $\mathcal{U}_{V}\ni y- E_{0}+y\in D(\Omega_{1}, Q)\mathrm{x}I$
.
$V$ $I=\{0\}$ ,
$D(\Omega_{1}, Q)$ ([14, Chapter 2, Proposition 5]).
34 Sym(r+2, $\mathbb{R}$ ) $(x|x’):=\mathrm{t}\mathrm{r}(xx’)$
,
$V_{r}:=$ $\{ x\in \mathrm{S}\mathrm{y}\mathrm{m}(\mathrm{r}+2, \mathbb{R});x_{11}=x_{r+2,r+2}=0\}$
$P_{r}$ : Sym(r+2, $\mathbb{R}$) $arrow V_{r}$ . $x\in \mathrm{S}\mathrm{y}\mathrm{m}(r+2, \mathbb{R})$
, $x\vee\in \mathrm{M}\mathrm{a}\mathrm{t}(r+2, \mathbb{R})$ $x=x\vee+{}^{\mathrm{t}}(x)\sim$ .
$V_{r}$
$\triangle$
$x\triangle y:=I_{r}(xy+y\hat{x})\sim$ $(x, y\in V_{r})$
( $\hat{x}:={}^{\mathrm{t}}(x)\vee\in \mathrm{M}\mathrm{a}\mathrm{t}(r+2,$ $\mathbb{R})$ ) $(V_{r}, \triangle)$ ,
$U_{1/2}:=\{(ui\sqrt{2}0 {}^{\mathrm{t}}u/\sqrt{2}O 0)$ ; $u\in \mathbb{R}^{r}\}$ ,$U_{1}:=\{(\begin{array}{lll}0 x 0\end{array})$ ; $x\in \mathrm{S}\mathrm{y}\mathrm{m}(r, \mathbb{R})\}$ ,
$I_{0}:=\{$$I_{1/2}:=\{(\begin{array}{lll}0 {}^{\mathrm{t}}v/\sqrt{2}O v/\sqrt{2}0\end{array}))$. $v\in \mathbb{R}^{r}\}$ , $(_{w/\sqrt{2}}^{0}ow/\sqrt{2}0)$ ; $w\in \mathbb{R}\}$
. $(V_{r}, \triangle)$ 2.4 .
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\S 4. .
4.1. $(V, \triangle)$ $V$ $\nabla$ : $V\mathrm{x}Varrow V$
$(x\nabla y|z)=(y|x\triangle z)$ $(x, y, z\in V)$ (4.1)
. , 34 $(V_{r}, \triangle)$
$x\nabla y=P_{r}(\hat{x}y+y-x)$ $(x, y\in V_{r})$
.
9. $(V, \nabla)$ .
$(V, \nabla)$ , $(V, \triangle)$ .
4.2. $(V, \triangle)$ $E\in V$ , $E$ $(V, \nabla)$ .
$(V, \nabla)$ $(V, \triangle)$ $\Omega_{V}$
([14, Chapter 3, Section 6], [5, Section 3]).
$(V, \triangle)$ 7 $V=U_{1}\oplus U_{1/2}\oplus I_{1/2}\oplus I_{0}$
, $(V, \nabla)$ $V=U_{1}’\oplus U_{1/2}’\oplus I_{1/2}’\oplus I_{0}’$ ,
$U_{1}’=U_{1},$ $I_{0}’=I_{0}$ $U_{1/2}’=I_{1/2},$ $I_{1/2}’=U_{1/2}$ .
$\eta_{1},$ $Q,$ $\Phi,$ $<>$ (1.4), (2.1), (2.7) (2.8)
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